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Pyrolytic characteristics of acid hydrolysis residue (AHR) of corncob and pinewood (CAHR, WAHR) were 
investigated using a thermo-gravimetric analyzer (TGA) and a self-designed pyrolysis apparatus. Gasifi¬ 
cation reactivity of CAHR char was then examined using TGA and X-ray diffractometer. Result of TGA 
showed that thermal degradation curves of AHR descended smoothly along with temperature increasing 
from 150 °C to 850 °C, while a “sharp mass loss stage” for original biomass feedstock (OBF) was observed. 
Char yield from AHR (42.64-30.35 wt.%) was found to be much greater than that from OBF (26.4- 
19.15 wt.%). In addition, gasification reactivity of CAHR char was lower than that of corncob char, and 
there was big difference in micro-crystallite structure. It was also found that CAHR char reactivity 
decreased with pyrolysis temperature, but increased with pyrolysis heating rate and gasification temper¬ 
ature at 850-950 °C. Furthermore, CAHR char reactivity performed better under steam atmosphere than 
under C0 2 atmosphere. 

© 2011 Elsevier Ltd. All rights reserved. 


1. Introduction 

Along with increasing global warming and oil shortage, the use of 
biofuels to replace petroleum transportation fuels such as gasoline 
has attracted much attention (Timilsina and Shrestha, 2011 ). Of all 
the biofuels, bioethanol and biobutanol has the potential to be a 
valuable substitute for gasoline as the current transportation sys¬ 
tem can be used with little moderations (Matsumoto et al., 2009). 
Currently, biofuel can be produced from either lingocellulosic 
biomass or grains (so-called “first generation” ethanol). Producing 
biofuel from lingocellulosic biomass rather than sugar or starch 
offers many distinct advantages, such as more available feedstocks 
at lower cost and less competition with food (Damartzis and 
Zabaniotou, 2011; del Campo et al., 2006; Demirbas, 2011). 
However, it should be noted that the production of ethanol from 
biomass is more complicated than the 1st generation ethanol pro¬ 
duction: the hydrolysis of cellulose in the lingocellulosic biomass 
to produce reducing sugars is always necessary before the fermen¬ 
tation of sugars to ethanol (del Campo et al., 2006; Demirbas, 
2011; Ravindranath et al„ 2011). Therefore, the cost of lingocellulo¬ 
sic ethanol production is relatively high based on current technolo¬ 
gies, and the major problems are the low yield and high cost of the 
hydrolysis process. 

Hydrolysis residue (HR) is a by-product of the hydrolysis 
process. About 40-45 wt.% of feedstock is presently obtained as 
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residue from a wood-to-ethanol hydrolysis process (Hakansson, 
2007). It represents a kind of biomass resource that is concentrated 
already and rich in lignin. If the HR can be effectively utilized, the 
cost of lingocellulosic ethanol production could be lower. Gasifica¬ 
tion provides a beneficial and realistic way to convert the HR to 
gaseous fuels, from which electricity, liquid fuels and chemicals 
can be produced (Eriksson et al„ 2004; Hakansson, 2007). Since 
the components and structure of the HR are different from that 
of common biomass (Zhang, 2010), it is significant to explore 
pyrolytic characteristics of the HR in order to provide theoretical 
reference for industrial application. 

To better understand pyrolytic behavior of the HR, two sets of 
experiments were carried out in this work with thermo-gravimet¬ 
ric analyzer (TGA) and a self-designed pyrolysis apparatus. First of 
all, the mass loss of the HR was determined by the TGA. Then the 
yield of pyrolysis products (i.e. char, tar and gas) and the formation 
of gaseous product under different pyrolysis temperature were 
examined using the pyrolysis apparatus. Furthermore, the gasifica¬ 
tion reactivity of char obtained under different pyrolysis conditions 
(temperature, heating rate) was also investigated using TGA. 

2. Experimental 

2.1. Materials 

Two kinds of acid hydrolysis residues (AHR) were tested in this 
experiments: the AHR of pinewood (PAHR) and corncob (CAHR). 
PAHR was derived from a continous acid hydrolysis process of 
pinewood-to-ethanaol. Thereinto, pinewood was selected from 
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Shanghai province (China), and hydrolysis conditions used were 2% 
H2SO4,10 min at 200 °C. CAHR was derived from a continuous acid 
hydrolysis process of comcob-to-butanol. Thereinto, corncob was 
selected from Liaoning province (China), and hydrolysis conditions 
used were 2% H 2 S0 4 , 20 min at 180 °C. The AHR (PAHR, CAHR), and 
their original materials (pinewood, corncob), were crushed, sieved 
and the size fraction of (150-250 pm) was chosen as samples. The 
proximate, ultimate and component analyzes of these samples are 
listed in Table 1 . It is found that the AHR has higher lignin content 
(~50 wt.%) and higher ratio of C:H compared with original 
biomass. 

2.2. TC analysis 

Thermogravimetric analyzer (NETZSCH STA409C/PC) was used 
to investigate the mass loss stages of both AHR and their original 
material. In the TGA experiment, the samples were heated from 
30 °C to 900 °C with a heating rate of 10 K min 1 under inert atmo¬ 
sphere with a N 2 flow rate of 60 ml min -1 . In each case, the mass of 
sample was less than 10 mg to avoid possible temperature gradient 
in the sample and to ensure ldnetic control of the process. 

2.3. The pyrolysis experiment 

2.3.1. The apparatus and pyrolysis procedure 

The pyrolysis apparatus, which has been described in detail pre¬ 
viously (Huang et al., 2009a,b), was employed to investigate the 
pyrolysis behavior of AHR and its original biomass at temperatures 
ranging from 550 °C to 850 °C. Briefly, it was comprised of an elec¬ 
tric heating furnace, a temperature control system, a 600 mm 
(L) x 35 mm (I.D.) quartz tube reactor, and a sample container. In 
brief, about 1 g of the biomass sample was loaded into a quartz 
glass container and then placed at the cold side of the quartz tube. 
The gas temperature in the heated zone of the reactor was then in¬ 
creased and continuously monitored using K-type thermocouples. 
Once the reactor had stabilized at the desired temperature, the 
sample holder assembly was put into the heated zone and kept 
there for about 1 -2 min to ensure complete conversion. 

2.3.2. The yield of products 

The yield of gaseous products was calculated based on the den¬ 
sity and volume of the collected gas mixture. The density was 
found from the composition analysis of the mixture by GC (20B, 
Shimadzu) while the volume was measured by drainage. The yield 


Table 1 

Proximate, ultimate and component analyzes of samples. 

PAHR Pinewood CAHR Corncob 


Proximate analysis (w ad %) 

Moisture 9.97 

Volatiles 58.73 

Fixed carbon 29.61 

Ash 1.69 

Ultimate analysis 

C 55.00 

H 5.29 

O a 35.87 

N 3.26 

S 0.58 

C/H 10.40 

Low heating value (MJ/kg) 22.73 
Component analysis (w ad %) 
Hemicellulose 7.84 

Cellulose 28.67 

Lignin 51.83 


12.36 

64.66 

20.27 

2.71 


49.13 

6.76 

40.94 

3.08 

0.09 

7.27 

18.21 


19.56 

36.40 

28.97 


ad, air dry basis; daf, dry and ash-free basis. 
a By difference. 


8.19 4.43 

61.64 75.84 

28.92 17.37 

1.25 2.36 


53.66 46.43 

5.34 5.78 

40.80 47.69 

0.04 0.08 

0.16 0.02 

10.05 8.10 

20.94 17.39 


8.83 39.85 

28.18 36.47 

47.84 13.52 


of char residue was evaluated by the weight difference of sample 
container before and after the experiment while the tar yield was 
determined by mass balance. 

2.4. Char reactivity 

2.4.1. Char preparation 

Char was prepared at different temperatures (650 °C, 750 °C, 
850 °C) and heating rates (0.1 K/s, 15 K/s) using the self-designed 
pyrolysis apparatus (Section 2.3.1). Typically, about 12 g of the bio¬ 
mass sample was loaded into a quartz glass container and then 
placed in the center of the quartz tube. The sample was then 
heated at a heating rate of 0.1 K/s to a final temperature of 
650 °C, 750 °C, or 850 °C, and held at each temperature for 
50 min under a continuous flow of nitrogen of 400 ml min -1 . The 
pyrolysis temperature and heating rate were controlled with a 
power control system and the operation temperature was contin¬ 
uously monitored by a K-type thermocouple inserted into the sam¬ 
ple container. 

When char was prepared at ~15 K/s, about 1 g of the biomass 
sample was loaded into a quartz glass container and then placed 
at the cold side of the quartz tube. The gas temperature in the 
heated zone of the reactor was then increased and continuously 
monitored using K-type thermocouples. Once the reactor had sta¬ 
bilized at the desired temperature, the sample holder was put into 
the heated zone and kept there for about 1 -2 min to ensure com¬ 
plete conversion. 

At the end of each run, the product char was cooled to ambient 
temperature. Char yield was calculated from the amount of char 
based on the initial mass of the unpyrolyzed CAHR. The yield of 
char was used as an index for the reproducibility of experiments. 
Chars pyrolyzed under the same conditions were considered to 
be identical only if the difference in yield was less than 2%. 

2.4.2. XRD analysis 

The crystal structure, crystallite size and residual strain infor¬ 
mation were determined using X-ray diffractometer (Rigaku D/ 
max-IlIA). XRD measurements were performed at a voltage of 
40 kV and a current of 30 mA using a diffractometer containing a 
Cu target tube and a graphite monochromator. The XRD profiles 
were recorded from 5° to 80° at a scanning speed of 8°min -1 . 

The characteristic size of chars, including distance between aro¬ 
matic layers (dm2), layer diameter ( L a ) and average thickness of 
conglomerate deposit (L c ) were calculated with Scherrer formula 
and Bragg equations 

d ° 02 = 2 sin 0002 

I< 2 X 

° ft 00 cos 0100 

, _ = Kd 

~ p m2 COS 0002 

where X is wave-length of incident wave (A, X = 1.54178), 20 is dif¬ 
fraction angle (°), (i is half-width of diffraction peak (rad), l<i and K 2 
are constants of wave form factors. 

2.4.3. Char reactivity measurement using TGA 

Char reactivity was measured in C0 2 and steam atmosphere at 
850 °C, 900 °C, and 950 °C using a thermo-gravimetric analyzer 
(STA449 F3, NETZSCH). Briefly, char sample was loaded in an alu¬ 
mina pan and heated under N 2 flow of 60 ml/min to the designated 
temperature of 850 °C, 900 °C and 950 °C at a rate of 40 °C/min. 
Then the atmosphere for the sample was switched to C0 2 or steam 
from N 2 , and the sample was allowed to gasify until its weight re¬ 
mained unchanged. In all cases, the flow rate of C0 2 was usually 


(1) 

(2) 

(3) 
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150 ml/min and the mass of the sample was less than 10 mg to en¬ 
sure the kinetic control of the reaction process. The carbon conver¬ 
sion ratio (x t , 100%) and gasification rate (r t , min -1 ) were then 
calculated using the following equations: 


Wo - Wash 


1 dw t dx t 

Wo - Wash dt ~ dt 


(5) 


where w 0 denotes the sample mass (mg) at the start of the gasifica¬ 
tion, w f is sample mass at gasification time t, w ash is the mass of ash 
remained after complete gasification. 


3. Results and discussion 

3.1. The pyrolysis characteristic using TGA 

The TG and DTG curves for samples under nitrogen at 
10 °C min -1 are shown in Fig. la and b. A “sharp mass loss stage” 
for the original biomass (i.e. corncob and pinewood) is observed 
within a narrow temperature zone of 260-420 °C, where the sam¬ 
ple was decomposed and the volatile matters were released. On the 
other hand, the mass loss curves (TG curves) of AHR are found to 
decay smoothly from 150 °C to the final temperature 850 °C. It 
should be noted that char residue is one of the main products from 
AHR pyrolysis, accounting for about 30 wt.% of the feedstock, while 
the char residue yield from original biomass pyrolysis is about 
20 wt.%. The high char residue yield of AHR is mainly ascribed to 
the high lignin content (Table 1), which tends to be carbonized 
through cross-link reaction compared to hemicelluloses and cellu¬ 
lose (Shen et al„ 2009, 2010a). A notable mass loss peak, appearing 
at 320 °C for corncob and 358 °C for pinewood, is found at the ma¬ 
jor pyrolysis stage. The mass loss peak, corresponding to the crack¬ 
ing of the main lignin chain, is also found for AHR and appears at 
398 °C for CAHR and 358 °C for PAHR, respectively. It should be 
noted that the mass loss peaks of untreated biomass (pinewood, 
corncob) is much notable than that of AHR. The reason for this is 
that untreated biomass has a high content of cellulose and hemi- 
cellulose, which are of sharper mass loss peaks than lignin (Huang 
et al., 2011 a,b). Further examination shows that another visible 
peak appears at 202 °C on the DTG curve of CAHR. This is mainly 
ascribed to the decomposition of the side units (acetyl groups) 
(Shen et al., 2010b). 


3.2. The fast pyrolysis experiment 
3.2.1. Product distribution 

The two kinds of AHR materials, CAHR and WAHR, were tested 
in the fast pyrolysis unit to investigate the effect of temperature on 
product yield. Fig. 2 shows the yield of char, gas, and tar from pyro¬ 
lysis of CAHR and PAHR under the temperature from 550 °C to 
850 °C. It is found that more AHR are converted to gas at high tem¬ 
perature and char yield decreases (especially over 650 °C), which 
was consistent with biomass as literature report (Bu et al., 2011). 
The yield of tar from CAHR reaches maximum (36.88 wt.%) at 
~650 °C followed by a gradual decline, while that from PAHR 
changes slightly before 650 °C followed by a visible decrease, and 
then decreases gradually at the temperature over 750 °C. Conse¬ 
quently, it is also found that the gas yield from PAHR at higher 
temperature increases in proportion to the decreased tar produc¬ 
tion, which clearly demonstrates the competitive formation of tar 
over the condensable products reported by Sepman and de Goey 
(2011). 

The pyrolysis characteristic of the original biomass feedstock 
(i.e. corncob) was also investigated to compare with that of AHR. 
Table 2 shows the product yield from pyrolysis of CAHR and corn¬ 
cob at different temperature. Generally, the gas yield from CAHR is 
less than that from corncob at 550-850 °C, while the char yield 
from the two kinds of materials behaves differently. Furthermore, 
it is found that before 750 °C the tar yield from CAHR is less than 
that from corncob, and then there is a noticeably decrease in corn¬ 
cob char yield at 750 °C. The great difference in product distribu¬ 
tion between CAHR and corncob may be ascribed to different 
component contents (shown in Table 1 ). It was reported that lignin 
performed a high yield of char (about 36% for kraft lignin at 825 °C) 
(Shen et al., 2010b), while hemi-cellulose and cellulose were in¬ 
clined to produce liquids and gaseous products (Shen et al„ 
2010a). Another reason for the distribution difference mentioned 
above may be that structure of AHR were destroyed and reformed 
during hydrolysis process, which needs to be further explored. 

Furthermore, it needs to be noted that the formation of char 
from CAHR (42.64-30.35%) is much greater than that from corncob 
(26.40-19.15%), owning to high lignin content in CAHR (47.84% for 
CAHR, 13.52% for corncob), similar to results from Zhang et al. 
(2008). 


3.2.2. The gaseous products 

The volume yields of the main products (H 2 , CO, CH 4 and C0 2 ) 
from CAHR along with pyrolysis temperature of 550-850 °C are 
shown in Fig. 3. It is apparent that the yields of CO and C0 2 are 



Temperature (“C) 

(a) 



Fig. 1 . TG and DTG 


of corncob, CAHR, pinewood and PAHR: (a) TG and (b) DTG. 
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Table 2 

The product from pyrolysis of CAHR and corncob at different temperature. 

Product (wt.%) Pyrolysis temperature (°C) 

550 650 750 850 

CAHR Corncob CAHR Corncob CAHR Corncob CAHR Corncob 

Gas 23.83 31.99 25.68 37.82 32.97 50.79 34.59 51.16 

Tar 33.53 41.60 36.88 40.48 34.24 29.66 35.06 29.05 

Char 42.62 26.40 37.44 21.69 32.79 20.16 30.35 19.18 



much higher than H 2 and CH 4 before 650 °C. When at elevated 
temperature over 650 °C the formation of H 2 significantly increases 
(0.011 m 3 /kg at 650 °C compared with 0.062 m 3 /kg at 750 °C), due 
to the cleavage of the C=C and C-H bonds linked to phenyl ring 
from lignin. It needs to be noted that another noticeably increase 
of H 2 production is observed at over 800 °C, which is mainly as¬ 
cribed to reaction of char with H 2 0. The yield of CO is enhanced 
at the elevated temperature and reaches 0.099 m 3 /kg at 700 °C 
due to cleavage of carbonyl group from cellulous. At over 700 °C 
the production of CO decreases slightly and then is enhanced, 
which is ascribed to competition between water-gas shifting reac¬ 
tion and the reaction of char with H 2 0. Comparatively, the yield of 
C0 2 behaves differently from that of CO. Furthermore, the produc¬ 
tion of CH 4 is enhanced from 0.021 m 3 /kg to 0.058 m 3 /kg along 
with temperature increasing from 550 °C to 850 °C. 

Fig. 3b shows the evolution of H 2 , CO, CH 4 and C0 2 from corncob 
at different temperature. By comparing Fig. 3b with Fig. 3a, it is 
obvious that the variation of gas yield along with increasing 


temperature from corncob performs in accord with that from 
CAHR. Furthermore, it should be noted that under pyrolysis tem¬ 
perature the yield of CO from corncob is greater than that from 
CAHR, so are the yield of H 2 , CH 4 , and C0 2 . This is mainly ascribed 
to high content of hemicellulose which favored formation of low 
molecular weight products (Haykiri-Acma et al„ 2010). 

3.3. Char characteristics 

Char yield from AHR pyrolysis, accounting for about 30-50 wt.% 
of the AHR, was much higher than that from common biomass 
pyrolysis. It is known that devolatilization is a prior step of bio¬ 
mass gasification and the char is an intermediate solid residue. 
Therefore, conversion level of the char in the gasification step 
determines the overall efficiency of the gasifier. Furthermore, the 
char conversion depends on its reactivity which is a function of 
pyrolysis conditions (Baratieri et al., 2008; Lv et al., 2010), such 
as the heating rate, pyrolysis temperature. Therefore, the reactivity 
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Char conversion / % 

Fig. 4. The C0 2 gasification reactivity of CAHR and corncob chars as a function of 
char conversion. 


of CAHR char was investigated in the study in order to better 
understand AHR char reactivity. 

3.3 A. The reactivity of char from CAHR and corncob 

The gasification reactivity of chars, from CAHR and corncob 
pyrolyzed at 650 °C, was evaluated using a TGA in C0 2 atmosphere 
at 900 °C. Fig. 4 depicts C0 2 gasification reactivity of chars from 
CAHR and corncob char as a function of char conversion. It shows 
that during the whole reaction process, C0 2 gasification rate of 
CAHR char is much lower than that of corncob char at the same 
char conversion. Furthermore, it is notable that the gasification 
rate of CAHR char decrease along with char conversion, while that 
of corncob char increases and reaches a maximum at char conver¬ 
sion of 58% followed by a gradually decrease. Generally, it can be 
concluded that CAHR char is being of lower gasification reactivity 
than corncob char, therefore, in order to achieve high carbon con¬ 
version rate, longer residence time for CAHR char in gasifier is 
needed during its gasification process. 

The char reactivity is greatly influenced by its structural feature 
as reported by Lv et al. (2010). Therefore, in order to further under¬ 
stand the big difference existing in char reactivity between CAHR 
and corncob, the XRD spectra of chars derived from CAHR and 
corncob, were investigated. The characteristic micro-crystallite 
parameters, calculated by Scherrer formula and Bragg equations, 
are summarized in Table 3. 

It was found that CAHR char had higher 002-peak (at 
28 = 23.5°) and 100-peak (at 28 = 43.5°) than corncob char, which 
indicated that the CAHR char had a greater degree of order in the 
carbon structure. In addition to the peaks C(002) and C(100), more 
spiculate peaks were observed in the XRD spectrum of corncob 
char. The spiculate peaks were crystal structure formed by alkali 
(K) and alkaline-earth (Ca) metals existing in corncob. It was re¬ 
ported that the crystal structure of these metals provided active 
site for reaction of char with gas, thus enhanced its gasification 
reactivity (Huang et al., 2009a,b). 

Table 3 shows important parameters (L„, L c and d 0 02) for 
describing crystallite structure of graphite formed in the chars 
(Pang et al., 2007). It can be seen that the aromatic layer diameters 
(L a ) of CAHR char is much higher than that of corncob char, indicat¬ 
ing that CAHR char is of a higher condensation degree. It should be 
noted that CAHR char has a higher average accumulating layer 
(L c /doo 2 ) than corncob char. It was reported higher (I c /d 0 o2) meant 
higher crystallite structure (Pang et al., 2007). It can be concluded 
that, during CAHR pyrolysis, higher crystallite structure was 
formed due to its high lignin content, and this reduced contact 


Table 3 

The micro-crystallite parameters of char samples. 

Char samples d 002 (nm) L c (nm) L a (nm) L c /d 002 

CAHR 0.385 0.756 3.812 1.97 

Corncob 0.377 0.630 2.914 1.67 



0 20 40 60 80 100 

Char conversion /% 


Fig. 5. The C0 2 gasification reactivity of CAHR char at different gasification 
temperature at different pyrolysis conditions. 


chance of char and gas. Therefore, the reactivity of CAHR char is 
lower than that of corncob char. In addition, the values of average 
accumulating layer (L c /d 002 ) in both chars are less than 2, which is 
much lower than that of coal chars (about 6) and consistent with 
reported results (Zhang et al., 2010; Min et al., 2008). 


3.3.2. The effect of pyrolysis conditions 

Fig. 5 shows comparison of C0 2 reactivity of char prepared at 
different temperatures (650 °C, 750 °C, 850 °C) and heating rates 
(0.1 K/s, 15 K/s). It can be seen that char reactivity decreases along 
with pyrolysis temperature from 650 °C to 850 °C, and the reactiv¬ 
ity of char froml5 K/s is higher than that from 0.1 K/s. When CAHR 
was heated at a high heating rate, the volatiles were released rap¬ 
idly, and char agglomeration and condensation of fragments on the 
char surface were prevented (Fushimi et al., 2003). Thus, char sur¬ 
face with some macropores was formed (Huang et al., 2009a,b). But 
during slow pyrolysis, volatiles evolution was very slow and this 
increased chance of repolymerization of volatiles to the char (Lv 
et al„ 1996; Yang et al., 2007). Furthermore, because of long heat¬ 
ing time during slow pyrolysis, crystallite structure of graphite was 
formed in char and its degree was higher than that generated at 
rapid heating rate (Cetin et al., 2004; Huang et al., 2009a,b). 
Therefore, the char froml5K/s is of higher reactivity than that 
from 0.1 K/s. Fushimi et al. (2003) also found that the reactivity 
of char rapidly heated was higher when they studied lignin and 
bagasse. 

In addition, it should be noted that the reactivity difference be¬ 
tween in chars pyrolyzed at 15 K/s and 0.1 K/s is increasing as 
pyrolysis temperature increases from 650 °C to 850 °C. Moreover, 
the effect of pyrolysis temperature on char reactivity at 0.1 K/s is 
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Fig. 6. The reactivity of CAHR char as a function of char conversion at different 
gasification conditions. 



greater than that at 15 K/s. During slow pyrolysis, when tempera¬ 
ture increased from 650 °C to 850 °C, the heating time of char 
increased obviously because of lower heating rate (0.1 K/s). Then 
the crystallite structure of graphite in the char was strengthened, 
which has a negative impact on char reactivity (Cetin et al„ 2004). 

3.3.3. The effect of gasification conditions 

Fig. 6 shows reactivity of CAHR char at different gasification 
temperatures of (850 °C, 900 °C, 950 °C) under C0 2 and steam 
atmosphere. It is found that both the C0 2 and steam reactivity of 
CAHR char increase with gasification temperature from 850 °C to 
950 °C, indicating reactions under kinetic control. In addition, it 
is notable that char has a higher gasification rate under steam 
atmosphere than that under C0 2 atmosphere. This can be ex¬ 
plained that: (1) steam has a smaller molecular diameter than 
C0 2 , which enhances contact chance of char and steam, and (2) 
during steam gasification, more new pores were formed and this 
provided more reaction active sites for char and steam (Huang 
et al., 2011 a,b). So the rate of gasification with steam is higher than 
that with C0 2 . Furthermore, it should be noted that the C0 2 gasifi¬ 
cation rate of char decreases linearly with increasing char conver¬ 
sion, while gasification rate of char under steam atmosphere 
decrease slower along with char conversion especially at high tem¬ 
perature. It shows that steam gasification rate of char is higher dur¬ 
ing whole reaction process at 950 °C. To sum up, it can be 
concluded that steam gasification at high temperature can acceler¬ 
ate CAHR gasification. 

4. Conclusion 

Extensive experiment study was carried out to investigate pyro¬ 
lysis characteristics of CAHR and PAHR. Thermal degradation 
curves of AHR decayed smoothly with temperature increasing from 
150 °C to 850 °C due to its high lignin content. Yield of gaseous 
product from AHR pyrolysis was lower than that from OBF, while 
the formation of char from AHR was much higher than that from 
OBF. Gasification reactivity of CAHR char was relatively low and 
it can be effectively improved through steam gasification at high 


temperature. Therefore, for AHR gasification, steam gasification 
at high temperature is a good choice, and long residual time in gas¬ 
ifier is also preferred. 
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